Abstract. The cold environment is an indispensable for slaughtering and processing in the poultry industry In field studies it was observed that a large percentage of workers of this sector have hand contact with the cold chicken and / or frozen, have high complaints prevalence of pain and discomfort, mostly in the hands. The contact of human skin with a cold surface may cause pain, numbness and risk of skin damage. Currently, although the use of infrared thermal imaging has been useful in identifying normal and abnormal patterns of heat distribution on the surface of the body. However your use for work tasks and to assess the potential development of injuries related to it has been limited. Based on the physiological responses can be objectively evaluate the effects of the task demands of work and thus contribute to the development of effective strategies for ergonomic intervention. The methodology will be used to evaluate the subjective thermal sensation with analogue scale of ASHRAE and the infrared thermography in the dorsal and palmar hands. Thus the objective of this research is to propose reference values for thermographic hands within limits of comfort.
Introduction
Due Brazil is a country with tropical climate. It has a litlle activities in occupational exposure to cold limited to the artificial environment, featured the slaughterhouse industry. According with UBABEF [26] Brazil in 2010 returned to the ranking of largest exporter of chicken meat in the world, and therefore employing a large number of workers for their slaughter and processing. Moreover, the concerns of workers and unions with the growing trend of more and more work at lower temperatures.
Occupational exposure to cold is an indispensable factor for slaughtering and processing in the poultry industry, often leading to thermal discomfort. In field studies it was observed that a large percentage of workers who have hand contact with the cold chicken and / or frozen, have high prevalence of complaints of pain and discomfort mostly in the hands Buzanello [18] ; Buzanello, Moro and Martins [19] and Holmér [9] . An environment is defined as cold when heat loss is higher than normal. Where thermoregulatory actions are required in advance and compensatory [9] . The cold can occur by air, water or in contact with solid materials. Clothed or unclothed parts of the body can be locally exposed to cold (hands, face and legs) or the whole body. The cold stimulus can be characterized by its duration, intensity and repetition time.
Restricting to the scope of human activity in a occupational perspective in the exposure to cold, a central theme of this study, the good performance of the individual tends to decrease causing problems of health, safety and productivity. The combination of environmental variables and individual factors can trigger in the cold workers exposed a multitude factors of thermal stress. Effects can be classified in two groups, the global cooling of the body and the various forms of localized cooling. In the present work has as main complaints of discomfort located in the workers hands.
The stress caused by cold light causes thermal discomfort, resulting in complaints of discomfort from the cold and even pain. The discomfort may represent a distraction that can reduce mental alertness, increasing the reaction time and number of errors and consequently decrease the quality of work and even result in accidents [12] .
Taking into account that the thermal environment is one of mains focus of interest of ergonomics and since a large population of the slaughterhouse poultry industry is exposed to environmental variables that contribute to the sensation of thermal discomfort. There is a side by need to comply with strict standards to ensure the conservation of the product and in the other hand workers exposed to a sum of environmental variables that do not always ensure your comfort. So it can be considered a conflict between the rules of food safety which sets maximum product temperatures below the comfort zone, health, safety and well-being and health and safety standards.
So it is important to know about the environmental conditions that could to cause this state. As well as observing the type of work and exposure of the individual to that situation.
Thus this research will use as tool the infrared thermal imaging based on physiological responses to it can objectively evaluate the effects of the demands of work task, and thus contribute to the development of effective strategies for ergonomic intervention.
Cold receptors are more prevalent than in the skin heat receptors and the density of cold receptors is greater on the face and upper limbs. As the hands are anatomically and physiologically more susceptible to heat loss. What makes evident the need for studies with special attention of hands. According to Iida [8] job strain is strongly influenced by adverse environmental conditions such as extreme temperatures, noise and vibration. These factors cause discomfort, increase the risk of accidents and can cause considerable damage to health. Grandjean [3] adds that in the comfort disturbances are accompanied by functional changes that affect the whole body.
Exposure to cold has been shown to involve a variety of different subjective complaints ranging from discomfort to symptoms associated with cold. Coldrelated diseases are defined as diseases caused by cold or symptoms that get worse during cold exposure.
From the physiological point of view the cold actives the human thermoregulatory system, while from a psychological point of view, because the cold wind chill unpleasant or even pain induced by cold, which is experienced as stressful. After the severe cooling between 5 and 10 min, and finger skin temperatures below 12 ° C, an anomalous reaction occurs, the cold induced vasodilation (CIVD): the blood on the fingers vasodilation, which increases blood flow and temperature of the fingertips. After this CIVD, blood vessels begin to re-contract again, leading to drops in temperature of the skin [7] . According to Lewis [24] that cyclical change in skin temperature, the repeated periods of vasodilation and vasoconstriction, has also been called "hunting response".
Usually the links between arterial and venous circulation are made through the capillaries, however, direct links, arterio-venous anastomoses (AVA) between the arterial and venous network are found in the fingers, elbows, lips, cheeks and nose, however is that the hands are in contact with the cooling product. It was found that the cold-induced vasodilation only occurs at sites of AVA, as well as many individual factors such as age, sex, physical and mental health, adaptation and acclimatization to cold affect the occurrence of cold-induced vasodilation [7] . Like the sensation of the skin depends on several factors other than temperature of the temperature such as room temperature before exposure to cold, the skin region, individual sensitivity to cold, so cold adaptation.
The cold stress is defined as the integrated effect of a combination of climatic factors that affect the heat balance of the body. The stress caused by cold can be classified according to various types of cooling: cooling the entire body (as a function of metabolic heat production and the various forms of heat loss), extreme cooling (especially the fingers), cooling convection (direct action of wind on the skin), cooling by contact (due to contact with cold materials) and airway cooling (cooling of the airways) [9] . The effects of cold on human health are dependent mainly of the basic parameters of environmental factors (temperature, wind, humidity), the degree of activity (eg, light work or heavy) and clothing used.
Depending on the interaction of these variables by cold stress causing local or general cooling can occur. This cold stress can result in a variety of different effects of the injuries to discomfort from the cold. In a cold environment can occur reducing the mental performance [17] or physical [14] . Even in general and moderate cooling of the entire body, which causes surface cooling, but unmarked deep cooling of the body, greatly increases the postural balance, indicating an impaired postural control [25] . Thus the objective of this research is to propose reference values for thermographic hands within limits of comfort.
Method
This research went aproved to the Ethics Committee on Research involving Human Beings of the State University of West of Paraná -UNIOESTE. Will be used an analogue scale to evaluate the subjective thermal sensation and infrared thermography to the evaluate a physiologicals criterias.
Subjects
The study will be conducted in a poultry slaughterhouse in the southern region of Brazil. The sample will be composed by 300 workers of cutting and shipping sectors. These sectors were classified with artificially cold, environment temperature equal or not exceeding 12 0 C.
Exclusion criteria
No smoked or consumed alcohol within 8 hours before the procedure, presence of abnormality in the skin (scars, dermatitis), fractured hand / wrist, or anatomical abnormalities in the hands and wrists.
Thermal imagens
The thermographic imaging will be obtained by a portable infrared thermography Camera Therma-CAM ® E320, FLIR, with a resolution of 320x240 pixels, 4x digital zoom, thermal sensitivity of <0.10 ° C to 25 º C and an accuracy of ± 2 º C. All images will be corrected using a factor of emissivity of 0.98 (human skin).
The thermograph will be positioned one meter high, 90 0 angle and a distance of 1 meter and 20 centimeters over the region of interest (ROI). The individual will stand with their arms outstretched in front of the body and will make an approach movement toward the feet, fingers outstretched, hands open and away and keeping the middle finger parallel. Will be two thermographic images: view of the dorsal and palmar Figures 1 and 2 respectively. Defined the area to be measured will be used the export feature to Excel. The uploaded file is a data matrix in which each pixel is assigned a measure of temperature. According to Plassman [20] recommends the use of an array of at least 8 x 8 pixels, resulting in 64 measures. In the case of the operation led to five fingers on each hand matrices, with an average of 79.8 measurements (pixels) per area. Drew is the mean of each array and the average of the averages (5) generated an average temperature of the palmar fingertips, the right hand, left and both variable (which is the average temperature of the right and left hand). In the case of the wrist, the palmar region and back of hands obteu only a geometric area for each hand. The process of exporting to excel took place in the same way. All measurements were exported to SPSS where they were processed statistics.
Visual analogue scale
The subjective variable sensation of thermal comfort is evaluated by for the American Society of Heating, Refrigeration and Air-Conditioning Engineers, Inc. (ASHRAE), which uses a seven-point psychophysical scale for assessing thermal comfort. The points range from psychophysical +3 (very hot) to -3 (very cold). The individuals will select an alternative to localized thermal sensation of hands, Figure 7 . The individuals will be also mark with an x the locations of the hands that feel this discomfort, Figure  8 . 
Data analysis
The statistical analysis will be tested as average temperatures obtained from the thermograms of the various anatomical regions of interest (dependent variable) obtained from subjects that will be divided into different categories. To test mean differences between the categories will be used Student's t test.
In the case of two variables of quantitative analysis will be performed correlation analysis or regression analysis.
Expected result and discussion
The expected results are the development of thermographic reference values within limits of comfort and guidance of risk prevention strategies in biomechanics and ergonomics to workers exposed to articial cold in slaughterhouses.
Nicol and Humphreys [13] considered problematic to define ranges of acceptable conditions around a target temperature. The authors argue that the size of their comfort zone, in purely physical terms. Depends on the balance between external temperatures of the individual and the possibility of resorting to behavioral mechanisms that reduce the discomfort. In a situation where you can not change clothes or activity, and where ventilation can not be controlled, the range of comfort will be narrower, varying only ± 2 ° C around the mean. On the other hand, when one can use adaptive strategies, possible and appropriate, the comfort zone may be considerably wider.
Numerous studies about the contact of human skin with a cold surface; found that it can cause pain, numbness and risk of skin damage Daniels [5] ; Havenith et al. [6] , Chen et al. [4] . Moreover, the reduction in tactile sensitivity Provins and Morton [15] and manual dexterity Geng et al. [22] Geng [21] and Powell et al. [23] associated with the cooling of the skin also greatly influence our ability to execute routine manual tasks required by workers in cold environments a efficient and safe way Enander [1] and Havenith et al. [6] .
According to ISO 11079-1993 (E) Annex B.1 [11] local cooling caused by convection, radiation or heat loss by contact, should not result in temperatures of hands and the skin below 15 ° C and 24 ° C, respectively under such circumstances the temperature of the fingertips can be several degrees lower.
In this study, complaining of discomfort was higher in the cold surface of hand contact with the product. In this case the garment can be added, but the pace of work can not be controlled by the worker. However, for the gloves, it is worth noting that it should be effective enough to create a mechanical barrier against the cold. However, it should not interfere with the performance. Thus the quality of the gloves is of principal importance to ensure the comfort and worker performance.
Holmér [9] found problems associated with occupational exposure to cold as the thermal discomfort and sensation of pain, especially in the extremities, decreased performance due to cooling of the hands, cold muscles or overall cooling of the body, or difficulty caused by the garment protection against the cold as weight, volume, friction, etc. and effects on human health, such as injuries caused by cold and high risk of accidents.
The exposure to physical work, high repeatability and temperature is typical in cold stores in meat processing industries, where most part of facilities of the production process are cooled for reasons of hygiene. So when the heat loss in the human body is greater than the gain, the thermoregulatory system may not be able to compensate for heat loss leading to conditions of cold stress. Exposure to cold working environment is a significant risk and represents an adverse effect on comfort, performance and human health Holmér [10] ; Parson [16] .
